Abstract:
.
56
However, most of the conventional coating methods suffer from inhomogeneous 57 and/or ununiformed coating layer deposition, which will has a negative effect on the 58 optical properties 6 . Therefore, a closed thin film coating method is needed in order to 59 protect phosphor particles while maintaining (or even improving) the optical 60 properties.
61
ALD is well known for depositing thin films on a flat surface, but with the 62 combination of a fluidized bed reactor, it can also be used for coating micro and 63 nano-sized powders 14 . In such a fluidized bed reactor the particles are suspended in an 64 upward gas flow so that good contact between gas and particles is ensured. washers to neutralize TMA that might be released from the reactor.
134
Generally, one ALD cycle can be divided into four process steps: (1) TMA 135 exposure, (2) purge with nitrogen gas, (3) oxygen exposure and (4) into the reactor to carry away the redundant TMA at the second step. After that,
142
synthetic air was pumped into the reactor to oxidize TMA and form the Al 2 O 3 coating.
143
Finally, the extra oxygen was blown away by N 2 and then a new cycle can be started.
144
Duration of each step has been optimized as 3, 10, 3 and 10 minutes, respectively. Effluent gases from the reactor were led through a double set of gas washers 150 (Part F) filled with mineral oil. The gas streams containing TMA was led through 151 separate gas washers to prevent reaction in the washers. Any TMA absorbed in the gas 152 washers was neutralized after the experiment. The effluent from the gas washers was 153 filtered using Pall Kleenpak pharmaceutical grade sterilizing filters to capture 154 elutriated nanoparticles. The pressure at the outlet was atmospheric, meaning that the 155 pressure in the column is slightly above atmospheric pressure. This is uncommon, as 156 previous work 14 .
158 159
Characterization

160
The crystalline phases and compositions of the prepared samples were examined wavelength region of 230-700 nm. The excitation and emission slits were set at 15 nm.
181
All measurements were performed at room temperature.
182
The temperature dependent luminescence properties were measured by To further study the thickness of the ALD coating, TEM images of the coated 261 samples were made. Unfortunately, the alumina layers covering the surface of the 262 YAG:Ce particles were too thin to be observed for 5 and 10 cycles coated samples.
263
But after 15 cycles of ALD coating, a 2 nm coating layer was detected and a clearer 264 layer with 5 nm thickness was found for the sample coated with Al 2 O 3 for 40 cycles 265 by ALD process, TEM images are shown in Fig. 6 . Besides, the alumina coating 266 layers of both samples processed after 15 and 40 cycles were uniform, tight, and 267 homogeneous, indicating that the ALD process performed in a fluidized bed is a 268 promising approach for covering protective materials on phosphor particles.
269
The thickness of the coating layer on the particles after 15 and 40 cycles is about 2 nm 270 and 5 nm, respectively, from which the thickness of a single layer coating within one 271 cycle can be estimated to be about 0.13 nm. ) coating has no obvious affection on the luminescence properties of the sample. The 297 reason might be that the alumina-coating layer is too thin to affect the light diffusion. (Table 2) .
333
The relative quantum efficiency is estimated by comparing the emission intensity Here, "QE" refers to the relative quantum efficiency; "EI" refers to the integrated 339 area under the emission spectrum, which was obtained from the emission spectra in Table. 2. The 
431
For all the samples examined, the one with 15 cycles coating exhibited the best 432 characteristics, from which can be concluded that the amount of the alumina coating 433 needs to be precisely controlled. 
